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l’he Jet Propulsion J,aboratory  evaluated the usc of an electromechanical device for optically
positioning a mirror system during the prc-project  phase of the Pluto-l~:ist  -l~lyby (1’}~1~) mission.
‘1’hc device  under consideration was a piezoelectric  driven linear motor functionally dependent
upon a time varying electric field which induces displacen~cnts  rangil~p,  from submicrons to
millimeters with positioning accuracy within nanometers. lJsing a cont]o]  package, the mirror
system provides image motion compensation and mosaicking  capabilities. While this device
offers unique advantages, there were concerns pe~taining to its operational capabilities for the
1’]~1: mission. ‘1’hcsc issues include irradiation effects and thermal concerns. A literature study
indicated that irradiation effects will not significantly impact the linear motors operational
characteristics. On the other hand, thermal concerns necessitated an in depth study.

1’o address the thermal issue, wc constructed an exact elcctro-elastic-thermal analytical solution,
a finite clement model and conducted expcrimmtal tests to evaluate the operation of the linear
motor at cryogenic temperatures. ‘l’his study indicated that severe problems arise when operating
this dcvicc  at low temperatures related to thermal mismatches in the materials causing the motor
to “lock up” and degradation of the strain coefficients causing a loss in the motor’s efficiency. ‘lo
address these issues, wc conducted a parametric study to investigate the impact of geometrical
changes and material substitutions on the thermal response of the linear motor. l’his study
indicated that the thermal mismatch problem COU1 d be ovcrcomc  with several possible
rcconfigurations.  Wc also evaluated the response ofthc motor’s drive clcmcnt  (1’Z’1’-511) at
temperatures down to 157 Kelvin. lkpcrimental  ]csults  indicate that mechanical limitations of
the piezoelcctric  ceramic arc strain dependent and electric field independent. “J’bus, degradation
in the piczoclcctric strain coefficients at cryogenic tcmpc] atures are casil y overcome with
appropriate modifications to the applied vo]tage.  ‘1’hesc  pJ elirninary  rcsu]ts suggest that the
appropriate state variable for nlodcling/predicting. nonlinear and lonp, tmn response of solid state
motors containing piezoc]ectric  material could be strain. 1 kperimental  tests on an augmented
linear motor at 157 Kc]vin clemonstratcd  both clamping and elongation/contraction capabilities
supporting the analytical results. ‘J’hcrefore,  both analytic[ll and cxpcrimcntal  evidence has led to
the conclusion that an augmented ]incar motor can intelli[’,ent]y  cnginccred  to operate at the
temperature levels of the l)];]; mission.
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